A s bstract. The effects ofalternating cycle lengths (bigeminal rhythm) on His-Purkinje system refractoriness were studied in 14 patients using His bundle and right bundle recordings. Programmed atrial stimulation at constant cycle length (method I) was scanned using the atrial extrastimulus technique (A2) and compared with an atrial cycle length of identical duration coupled to A2 on alternate beats (method II). The results showed that (a) despite shorter cycle length ofthe His-Purkinje system with method II due to effect of A2 on atrioventricular nodal conduction (699±90 vs. 743±87 ms, P < 0.001), the relative refractory period of the His-Purkinje system was always longer with method II (463±52 vs. 440±43 ms, P < 0.001). A similar increase also occurred in effective refractory period of the His-Purkinje system; (b) while functional right bundle branch block occurred in eight patients and functional left bundle branch block in two patients with method I, functional right bundle branch block occurred in all 14 patients and left bundle branch block in seven patients with method II; (c) in two patients where both functional right and left bundle branch block occurred with method I this never was manifest at identical degree of abbreviation of His-Purkinje system cycle length but was manifest at identical abbreviation in each of seven patients with method II; (d) site of conduction delay and/or block during functional right bundle branch block was always proximal, i.e., between the His bundle and right bundle recordings with both methods. During method II this resulted in shortening of the subsequent right bundle cycle length relative to the subsequent His bundle (and of necessity left bundle) cycle length.
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Introduction
Functional conduction delay or block within the His-Purkinje system (HPS)' during propagation of premature atrial (A2) impulses is a well recognized phenomenon that may manifest as right (R) or left bundle branch block (LBBB) or bilateral block within the HPS (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . These patterns of aberrant ventricular conduction (VAb) or block within the HPS are contingent upon HPS refractory period properties, which are known to be cycle length (CL) dependent, varying directly with CL preceding A2 (4, 9, 13) . Previous studies have also shown that different degrees of CL abbreviation are necessary for manifestation of RBBB vs. LBBB and this has been attributed to differences in refractoriness between the RBB and LBB (3) .
Considering these concepts, there exists in the literature an unexplained paradox concerning VAb. In a report by Cohen et al. (4) on VAb in man, the authors suggested that an atrial bigeminal rhythm, whereby A2 was coupled to every sinus beat, increased the likelihood of VAb by producing a prolonged CL following A2. Interestingly, it was also observed that such a pacing method produced alternating patterns of VAb In an attempt to explain this phenomenon of alternating patterns of functional BBB, the present study used both His bundle (HB) and right bundle (RB) recordings and a programmed atrial stimulation specifically designed protocol to permit identical CL sequences. Moreover, in view of recent findings concerning the effect of abrupt alterations in atrial CL on refractoriness of the HPS (14) , this study attempted to determine if the alternating CL changes per se, rather than prolonged CL (as occurs with A2 coupled to sinus beats), contributes to the increased likelihood of VAb.
Methods
Electrophysiologic studies were performed in the unsedated, postabsorptive state after obtaining signed consent to the explained procedure (15) . Using local anesthesia and fluoroscopic guidance, multipolar electrode catheters were percutaneously introduced and positioned in the high right atrium, the atrioventricular (AV) junction, and the right ventricle. The simultaneous recordings from the HB and RB were obtained either with a single quadripolar catheter (interelectrode distance 1 cm) or with two separate electrode catheters. All intracardiac electrograms (filtered at 30-500 Hz), three surface electrocardiographic leads (I, II, and VI), and time lines were simultaneously displayed on a multi-channel oscilloscope and recorded on magnetic tape for later reproduction. Electrical stimulation was performed with a digital stimulator capable of delivering rectangular impulses of variable voltage and duration with total current < 3 mA. In none of the patients was the magnitude or duration of the electrical impulse altered during the study. All equipment was grounded and an isolation unit was used for electrical stimulation.
Patients were studied with the conventional technique (method I) of atrial premature stimulation (A2) wherein the A2 was introduced after a series of six atrial beats of predetermined constant cycle length (AIAI). Scanning of constant atrial cycle length with A2 was initiated at relatively long A 1A2 intervals which were outside the relative refractory period (RRP) of the HPS and were decreased by 10 ms intervals until functional refractory period (FRP) of the AV node or atrial refractoriness was encountered.
With method II premature atrial stimulation was coupled to an atrial CL of identical duration as used in method I, however, every other beat was premature producing a bigeminal rhythm. This method used the same initial six-beat atrial drive ofconstant CL and began the alternating CL pattern with A2 of method I. As shown in Fig. 1 
Results
The electrophysiologic data are listed in Tables I-III . For the 14 patients in this study the atrial basic cycle length (BCL) used was 743±87 ms (range 650-900 ms). The HV interval ranged from 40 to 55 msec (mean 48±5 ms). In the nine patients (Nos. 1-9) where RB recordings were obtained, the H-RB ranged from 20 to 35 ms (mean 27±6) and the RB-V ranged from 10 to 30 ms (mean 21±7).
Effect ofalternating changes in atrial CLs on H-H CL. Since the atrial drive was constant during method I, AlA 1 equaled H 1 H 1. However, during method II, the atrial BCL (designated A2A 1) was always longer than H2H1 due to the effect on AV nodal conduction of A2 (Table I , Fig. 1 ) (14) . Therefore, the H-H interval coupled to A2 was longer in method I than in method 11 (743±87 vs. 699±90 ms, P < 0.001). For a given atrial BCL and A2 during method II, the subsequent H2H 1 intervals and H 1 H2 intervals remained constant. These effects are shown in Fig. 1 A where the atrial bigeminal rhythm is preceded by a constant atrial drive, (the last three beats ofwhich are the initial complexes in this panel). Note that at constant atrial CL A lAl = H lH 1, but during atrial bigeminy A2A1 > H2H1 due to A2H2 delay.
Effect of alternating changes in CL on HPS refractoriness (Table I ). An increase in HPS refractoriness occurred in all patients with method II compared with method I despite the shorter H-H CL coupled to A2 with method II described above. This is illustrated in Figs. 2 and 3, which show the onset of functional RBBB, LBBB, and bilateral block within the HPS with method I compared with method II. The data for the same patient is plotted for both methods in Fig. 4 Relationship between HIHI (H2HI) CL and RBIRBI (and RB2RBI) CL and VAb (Table III) . During method I using constant BCL, HlHl equaled to RBlRBl. However, during method II H2H1 equaled RB2RB1 only where the "long" CL followed no VAb. Because of the proximal site of conduction delay during VAb as mentioned above, the "long" CL following VAb had a shorter RB-RB CL compared with H-H CL, although the exact shortening in RB-RB CL could not be determined following RBBB. The following relationships were therefore seen: (a) where RBBB alternated with no VAb (Fig. 3 A) , the H2H1 CLs (long H-H CLs) were identical preceding premature beats conducted normally and with RBBB pattern, however RB2RB1 was longer preceding RBBB compared with no VAb (Table III, Fig. 3 A) ; (b) where RBBB alternated with LBBB, the H2H1 CLs preceding R and LBBB were identical (Fig. 3 C, Fig. 6 (Fig. 6 C) . When greater magnitude of HV prolongation occurred with LBBB (as was usually the case) RB2RB I CL preceding RBBB was greater than RB2RB I CL preceding LBBB as long as the difference between magnitudes of HV prolongation associated with RBBB and LBBB was less than RB-V interval during LBBB ( Fig. 6 A) ; where this difference was greater than RB-V interval it could not be definitely stated that RB2RB I CL preceding RBBB was greater than RB2RBI CL preceding LBBB (Fig. 3 C) degrees ofHPS CL abbreviation is perhaps even more fascinating )ted to specifically address these and has never before been described. Any proposed explanation stimulation whereby the identical for this phenomenon will have to explain the various patterns Fig. 2 . The same "long" atrial CL of 700 ms is used as in Fig. 2 . Note, however, that due to effect of A2 on AV nodal conduction the H2H 1 (long H-H CL) is decreased (to 680 ms in A and to 670 ms in B-D). Despite the shorter H2H 1 interval the onset of functional RBBB occurs at an HIH2 of 480 ms (A) compared with 450 ms during constant CL (Fig. 2) . While the H2V2 during functional RBBB remains at equal to reference sinus beats, the RB2 deflection is not present during functional RBBB similar to what occurred during method I. Note the occurrence of alternation of functional RBBB with no VAb with every other A2 despite identical H2H1 and H1H2. However, due to delayed RB depolarization during functional RBBB, the RB2RB1 CL preceding A2 with no VAb is expected to be shorter than the RB2RBI CL preceding A2 with functional RBBB. (The "<" value is measured from onset of V2 to next RB I). In B, further abbreviation of HIH2 results in functional RBBB with each A2. Again the H2V2 is equal to reference sinus beats, suggesting no conduction delay along the contralateral BB, and the RB2 deflection is not present. Abbreviation of HIH2 to 450 ms (C) produces alternating functional RBBB and LBBB. Note the occurrence of functional LBBB at an H 1H2 30 ms longer compared with constant CL (Fig. 2 D) (Fig. 2 E) (3, 17, 23, 24) , although the present study cannot exclude a site within the HB (with longitudinal dissociation (25) (26) (27) (28) . Studies in man have suggested (17, (29) (30) (31) (32) , and canine studies by Moe et as was seen in this study. Where A1A2 (and H 1H2) is further abbreviated, the shortening in CL described above following VAb with RBBB may not be sufficient to abolish refractoriness and RBBB may occur with each A2. While more complex, alternating RBBB and LBBB VAb may be similarly explained. In such instances refractoriness in both BBs (or H-BB axes) is encountered with A2 in the form of conduction delay or block in the BB. In the event of block the BB manifesting the block is depolarized retrogradely from the contralateral BB and therefore significantly shortens the next BB2BB1 CL compared with the contralateral BB. Ipsilateral BB CL shortening will also take place if A2 simply shows delay rather than block within the BB distal to the site where delay starts. The resulting decrease in refractoriness of the ipsilateral BB favors the occurrence of contralateral BBB with the next A2. In a sense, alternating A2 unmasks refractoriness in the contralateral BB and probably explains the higher incidence of both R and LBBB occurring in the same patient where VAb manifests with HV prolongation with this method compared with constant CL. Such changes in BB CL should produce alternating patterns of functional BBB ad infinitum as was observed in this study.
It was also observed that during alternating BBB the HV prolongation was either present during both RBBB and LBBB or only during LBBB. A possible explanation for this may relate to the differential effect on refractoriness of BB CL shortening following VAb at and/or distal to the site of block on H-RB In conclusion, the observations of the present study suggest that during circumstances of alternating CL changes additional factors besides the H 1 H 1 and H 1 H2 relationships must be evaluated to predict onset of conduction delay and/or block within the HPS as well as the particular patterns of VAb. These factors include the dynamic response of the HPS to abrupt alterations in CL and the effect of VAb on subsequent ipsilateral bundle branch cycle length.
